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ABSTRACT 
 
This final year project presents an exploratory study of lean manufacturing 
implementation in metal product industry for Small and Medium Enterprises (SMEs). A 
questionnaire is used to explore the extent of lean manufacturing implementation. This 
study also examines the reasons and critical factors that influence the implementation of 
lean manufacturing. The survey was performed on ten companies of SMEs. The 
respondents were chosen from those who are directly involved with producing metal 
product for large company at Malaysia. The findings show that most of the respondent 
companies are classified as non-lean manufacturing practice. These non-lean companies 
have low mean values for each of the fifteen lean manufacturing practices. These 
companies believe that the main reasons for them to the implementation of lean 
manufacturing are the desire to improve long term cost competitiveness and to meet 
customer demand. The results from this survey also revealed the main critical factor that 
prevent or delay the lean implementation. The main critical factor to implement lean 
manufacturing system is the lack of understanding lean concepts. 
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ABSTRAK 
 
Projek tahun akhir ini membentangkan kajian penerokaan pelaksanaan lean 
manufacturing dalam industri produk besi untuk Perusahaan Kecil dan Sederhana 
(PKS). Soal selidik digunakan untuk mengenal pasti sejauh mana pelaksanaan lean 
manufacturing. Kajian ini juga mengkaji sebab-sebab dan faktor-faktor kritikal yang 
mempengaruhi pelaksanaan lean manufacturing. Kaji selidik telah dijalankan ke atas 10 
syarikat PKS di Malaysia. Responden telah dipilih dari mereka yang terlibat secara 
langsung dengan penghasilan produk besi untuk syarikat besar di Malaysia. Hasil kajian 
telah menunjukkan bahawa kebanyakan syarikat responden dikelaskan sebagai 
perlaksanaan non-lean. Syarikat-syarikat ini dikategorikan sebagai non-lean kerana 
mereka telah mendapat markah purata yang peling rendah bagi setiap 15  amalan lean. 
Syarikat-syarikat percaya bahawa sebab-sebab utama bagi mereka untuk menjalankan 
perlaksanaan lean manufacturing adalah keinginan untuk meningkatkan daya saing kos 
jangka panjang dan untuk memenuhi permintaan pelanggan. Keputusan daripada kajian 
ini juga mendapati faktor kritikal utama yang yang menghalang atau melambatkan 
pelaksanaan lean. Faktor utama yang kritikal untuk melaksanakan lean manufacturing 
adalah kurang memahami konsep lean. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION 
This chapter provides the description of the background of study, problem 
statement, objectives of the study, and scope of study. 
 
1.2 BACKGROUND OF STUDY 
The global industry in 21
st
 century has driven most of manufacturing companies 
to implement new manufacturing management strategies in order to enhance the 
companies’ efficiency and competitiveness. Manufacturing companies had taken lean 
manufacturing system as a great management tool and many of them have adopted lean 
techniques in many different forms and names. Initially it is started at Toyota plant in 
Japan which is known as Toyota Production System (TPS). This system has been 
widely known and implemented since 1960. Nowadays, lean manufacturing has become 
a standard for manufacturing mode especially for automotive industries. Many 
researcher such as Papadoupulu and Ozbayrak in their study agreed that lean 
manufacturing could be a cost reduction mechanism and if it implemented in a right 
way it can be a guideline to be world class organization (Rose et al, 2009). 
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Lean manufacturing system is a system that consists of the universal set 
management principles which could be implemented in anywhere, any industries and 
any company not just in automotive industries only. Small medium enterprises has been 
encouraged to apply it because it is widely known that organizations that have mastered 
in lean manufacturing methods have high cost and quality advantages over those who 
still practicing traditional mass production. Lean manufacturing combines the best 
features of both mass production and craft production which is the ability to reduce 
costs per unit and at the same time improve quality of products. 
Lean manufacturing is known as manufacturing without waste. The waste is 
consisting of non-added value. There are seven type of waste which are overproduction, 
waiting time, transportation, inventory, over-processing, excess motion, and product 
defects (Liker, 2004). Most of the companies waste about 70% to 90% of their available 
resources. The Lean Enterprise Reserch Centre (LERC, 2004) at Cardiff Business 
School have emphasized that in the production process there are 5% is added value 
activities, 35% necessary non added value activities and 60% are non added value at all. 
This shows that the organization no matter the sizes (small, medium or large) or 
industries is important to eliminate waste, in order to increase profit to company. 
Many enterprises have been introduced to lean manufacturing system  and have 
made significant achievement. A few of small and medium enterprises (SMEs) have get 
profit from the implementing lean manufacturing. SMEs play a significant role in the 
economic growth of developing countries, typically accounting for over 90% of 
business establishments and about half or more of output and export shares (Pingyu & 
Yu, 2010). Their entrepreneurship is flexibility and responsiveness to change are 
essential driving force of economic development. The employment opportunities they 
create were succeeded in increasing the living standards of thousands of millions of 
poor people. In many developing countries, SMEs account for as much as 70% of the 
labor force. Unfortunately, SMEs fail much more often in market competition. 
Therefore, approaching to effective implementation of Lean production in SMEs is very 
important. 
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1.3 PROBLEM STATEMENT 
The importance of small manufacturer to take part in lean implementation is to 
compete with large manufacturer which implementing new management system which 
is lean manufacturing to improve their performance. Therefore, this will affect the small 
and medium enterprises (SMEs) which are the suppliers to the large manufacturers. Due 
to limited resources, it is impossible for SMEs to implement all elements or practices at 
one time. As been published by past researchers and practitioners, lean manufacturing 
has been implemented successfully in many large organizations but there is still less 
documented evidence of its implementation in smaller organizations. The increasing 
demands from customers that seek for high quality products and also highly capable 
business processes by large organization has left no choice for the SMEs to consider and 
implement lean manufacturing. 
 
1.4 OBJECTIVES 
The purposes of this study are: 
1) To investigate the status of lean manufacturing implementation in metal 
product industry for small medium enterprises. The lean status can be 
identified whether the companies are into lean, in-transition towards lean or 
non-lean. 
2) To identify the critical factors to implement the lean manufacturing in the 
SMEs companies. From that, the companies can overcome the factors in 
order to compete with larger companies. 
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1.5 SCOPE OF STUDY 
In order to achieve the objectives of this study, the companies that focus on 
metal products industry were selected as the population. The metal products industry 
was chosen because it is a heavy industry and used high cost. Normally, this type of 
industry does not have any system because they perform complex production process. 
So, it is very suitable to implement lean manufacturing. The database was obtained from 
Small and Medium Enterprise Corporation Malaysia (SME Corp. Malaysia). 
This study is a questionnaire-based. A questionnaire was developed to collect 
data. The purpose of questionnaires is to collect data and distribute to related 
department of the company.The questionnaire consists of four sections which are: 
 Section A for the general information of the respondent. 
 Section B for the lean manufacturing implementation. 
 Section Cfor the critical factor for lean manufacturing implementation. 
 
 
 
 
 
 
CHAPTER 2 
 
 
THEORETICAL REVIEW 
 
 
2.1 BACKGROUND OF LEAN MANUFACTURING 
 
Henry Ford was the first person to truly integrate an entire production process. 
In 1913, he integrated consistently interchangeable parts with standard work and 
moving conveyance to create what he called flow production. Ford lined up fabrication 
steps in process order wherever possible. This was a revolutionary break from shop 
practices of the American system, which usually consisted of general-purpose machines 
grouped by process. Ford’s problem is he could not provide the variety needed. 
Japanese engineers at Toyota Motor Company, Taiichi Ohno reviewed Ford’s 
concepts, and felt that a series of simple solutions might make it possible to provide 
consistency in process flow in a variety of products. As a result they invented the 
Toyota Production System (TPS). This system shifted the focus to the flow of the 
product through the entire process. Toyota adjusted their production capabilities to the 
actual volume needed, introduced self-monitoring machines to ensure quality, lined up 
the machines in process sequence, and pioneered quick changeovers, so that each 
machine could make small volumes of many parts, and having each step sequence 
notify the previous step of its current needs for materials (called as a “pull system”). 
This allowed Toyota to obtain low cost, high variety, high quality, and rapid throughput 
times to meet customer needs. The summarized movement phases in the lean 
manufacturing evolution are shown in Table 2.1. 
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Table 2.1: Time line marking the critical phases in the lean manufacturing evolution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Shah & Ward (2003) 
 Henry Ford outlines his production philosophy and the basic principles underlying 
the revolutionary Ford Production System (FPS) in “Today and tomorrow” in 1927. 
 1937 - Toyoda (later Toyota) Motor Company is established in Koromo, Japan. 
o Toyoda cousins Kiichiro and Eiji, with Taiichi Ohno study FPS and perfect the 
principles concepts and tools constituting Toyota Production System (TPS). Just 
in time (JIT) production method is a key component of TPS. 
 1978 – Ohno publishes “Toyota Production System” in Japanese. He credits FPS and 
the American supermarket behind his just in time thinking. 
o According to Ohno, the primary goals of TPS is cost reduction (waste 
elimination), it can be achieved through quantity control, quality assurance, and 
the respect for humanity. He recommends producing only the kind of units 
needed, at the time needed and the quantities needed. 
 1973 – Oil crisis hits North America and generates immense interest I the (new) 
Japanese manufacturing and management practices followed by publication of 
numerous academic and practitioner books and articles. 
 1977 – First academic articles is published by Sugimori ar al.; Narrowly focused 
articles on topics such as Kanban and just in time production (Monden 1981b), 
production smoothing and level loading (Monden 1981c) appear. 
 1984  - NUMMI, a joint venture between Toyota Motor Company and General 
Motors opens in California 
 Mid 1980s – Noteworthy books including Moden’s Toyota Production System 
(1983); Ohno’s Toyota Production System: Beyond large-scale production (1988) 
are published in English. 
 There is only a piecemeal understanding of TPS and its constituent elements; 
equivalence between JIT production, kanban and TPS is sugeested (see Table 2). 
 1988 - Krafcik coins the term “lean” to describe the manufacturing system used by 
Toyota. 
 1990 – The machine that changed the world by Womack, Jones and Roos is 
published 
o The machine establishes “lean production” to characterize Toyota’s production 
system including its underlying components in the popular lexicon. 
o The book describes a lean system in detail; but does not offer a specific 
definition. 
 Mid 1990s - Articles related to measuring just in time (Sakakibara et al., 1993; Flynn 
et al., 1995; McLachlin, 1997), total quality management (Ross, 1993; Dean and 
Bowen, 1994; Sitkin et al., 1995; Flynn et al., 1995), their interrelationships (Flynn 
et al., 1995; Sakakibara et al., 1997) and the impact of other organizational variables 
on their implementation are published in the academic journals. 
 1994 - Lean Thinking by Womack and Jones is published. The book extends the 
philosophy and the guiding principles underlying lean to an enterprise level. 
 Numerous books and articles written by practitioners and consultants, and a few 
academic conceptual (Hopp and Spearman, 2004; de Treville and Antonakis, 2005) 
and empirical articles (Shah and Ward, 2003) highlighting the overarching nature of 
lean production are published; yet no clear and specific definition is available. 
 2006 – Toyota Motor Company is projected to become #1 automobile manufacturer 
in North America. 
1927 and 
before 
1945-78 
Progress In 
Japan 
1973-99 
TPS arrives in 
North America 
 
1988-2000 
Academic 
progress 
 
2000-present 
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2.2 DEFINITION OF LEAN MANUFACTURING 
 
The main focus of lean manufacturing was to reduce the cost and to improve 
productivity by eliminating wastes or non-value added activities. Womack and Jones in 
their book “Machine that changed the world” (1990) argue that the adoption of lean 
approach will change almost everything in every industry- choices for consumers, the 
nature of work, and fortune of industry by combining the advantages of craft and mass 
production. The lean approach consists of various practices, which aim to improve 
efficiency, quality and responsiveness to customers. Todd (2000) defines lean 
production as “initiative, whose goal is to reduce the waste in human effort, inventory, 
time to market, and manufacturing space to become highly responsive to customer 
demand while reducing world class quality products in the most efficient and 
economical manner”. While Bahsin & Burcher (2006) has defined lean manufacturing 
as a philosophy that when implemented reduces the time from customer order to 
delivery by eliminating sources of waste in the flow. Lean manufacturing is a 
manufacturing strategy that aimed to achieve smooth production flow by eliminating 
waste and by increasing the activities value. Some analysts even pointed out that if an 
organization ignores the lean manufacturing strategy, the company would not be able to 
stand a chance against the current global competition for higher quality, faster delivery 
and lower costs. 
 Lean manufacturing consists of a large number of tools and techniques. Shah 
and Ward (2003) identified 22 lean manufacturing practices that are frequently 
mentioned in literatures and categorized them into four bundles associated with Just-in-
Time, Total Quality Management, Total Preventive Management and Human Resource. 
Some other researchers also categorized the lean tools and techniques according to the 
area of implementation such as internally and externally oriented lean practices. For 
example Panizzolo (1998) in his study divided the lean practices into six areas which 
are process and equipment; manufacturing, planning and control; human resources; 
product design; supplier relationships; and customer relationships. The first four areas 
are grouped as internal oriented lean practices, whereas supplier relationships and 
customer relationships are under external oriented lean practices. The study also 
confirms that, many firms seem to have difficulty in adopting lean tools that concern 
with external relationships with suppliers and customers even for high performance 
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firms. Empirical results from this study also prove that lean tools in internal areas are 
adopted most widely in the firms, where the operation and management methods are 
more direct. While Achanga et al. (2006) suggested that the success of lean 
manufacturing implementation depends on four critical factors which are leadership and 
management, finance, skills and expertise and supportive organizational culture of the 
organization. 
 
2.3 CONCEPT OF LEAN MANUFACTURING 
 
The key to lean manufacturing is to compress time by eliminating waste and this 
continuously improving the process. Ohno defines waste (also called ‘Muda’ in 
Japanese) as all elements of production that only increase cost without adding value that 
customer is willing to produce. Sometimes the waste is a necessary part of the process 
and adds value to the company and this cannot be eliminated for example financial 
controls. There are seven main types of waste which are overproduction (producing 
more than needed), waiting (idle operator or machine time), motion (movement of 
people or machine that does not add value), inventory (any supply in excess of required 
to produce product), transportation (any material movement that does not directly 
support value added operations), defects (making defective parts) and over-processing 
(any process that does not add value to the product). The descriptions of seven wastes 
explain in Table 2.2. Initially, waste can be easily identified in all processes and early 
changes can reap huge savings. As the processes continually improve, the waste 
reduction will be more incremental as the company strives to achieve a waste free 
process.  
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Table 2.2: The seven waste 
Type of waste Description Within the process industry Example symptom 
Over production - - Product made for no specific 
customer 
- Development of a product, a 
process or a manufacturing facility 
for no additional value 
- Large campaign (large batch and 
continuous large-scale manufacturing 
processes) 
- Development of alternative process 
routes which are not used or the 
development of processes which do not 
support the bottleneck 
- Redesign of parts of the manufacturing 
facility which are ‘standard’, e.g., 
reactors 
- The extent of warehouse space 
needed and used 
- Development and production 
organization imbalance 
- An ever changing process 
(tweaked) 
- Large engineering  costs/time 
associated with facility 
modifications 
Waiting - As people, equipment or product 
waits to be processed it is not 
adding any value to the customer 
- Storage tanks acting as product buffers 
in the manufacturing process waiting to 
be processed by the next step 
- Intermediate product which cannot 
leave site until lab tests and paperwork 
are complete 
- The large amount of ‘work in 
progress’ held up in the 
manufacturing process—often 
seen on the balance sheet and as 
‘piles of inventory’ around the 
site 
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Transport - Moving the product to several 
locations 
- Whilst the product is in motion it 
is not being processed and 
therefore not adding value to the 
customer 
- Raw materials are made in several 
locations and transported to one site 
where a bulk intermediate is made. This 
is then transported to another site for 
final product processing 
- Packaging for customer use may be at 
a separate site 
- Movement of pallets of 
intermediate product around a 
site or between sites 
- Large warehousing and 
continual movement of 
intermediate material on and off 
site rather than final product 
Inventory - Storage of products, 
intermediates, raw materials, and 
so on, all costs money 
- Economically large batches of raw 
material are purchased for large 
campaigns and sit in the warehouse for 
extended periods 
- Queued batches of intermediate 
material may require specific 
warehousing or segregation especially if 
the lab analysis is yet to be completed 
or confirmed 
- Large buffer stocks within a 
manufacturing facility and also 
large warehousing on the site; 
financially seen as a huge use of 
working capital 
Over-processing - When a particular process 
step does not add value to 
the product 
- A cautious approach to the design of 
unit operations can extend processing 
times and can include steps, such as 
hold or testing, which add no value 
 
- The reaction stage is typically 
complete within minutes yet we 
continue to process for hours or 
days 
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- The duplication of any steps related to 
the supply chain process, e.g., sampling, 
checking 
- We have in process controls 
which never show a failure 
- The delay of documents to 
accompany finished product 
Motion -The excessive movement of the 
people who operate the 
manufacturing facility is wasteful. 
Whilst they are in 
motion they cannot support 
the processing of the product 
- Excessive movement of 
data, decisions and 
information 
- People transporting samples or 
documentation 
- People required to move work in 
progress to and from the warehouse 
- People required to meet with other 
people to confirm key decisions in the 
supply chain process 
- People entering key data into MRP 
systems 
- Large teams of operators 
moving to and from the 
manufacturing unit but less 
activity actually within the unit 
- Data entry being seen as a 
problem within MRP systems 
Defects - Errors during the process -  either 
requiring re-work or additional 
work 
-Material out of specification; batch 
documentation incomplete 
-Data and data entry errors 
- General miscommunication 
- Missed or late orders 
- Excessive overtime 
- Increased operating costs 
Source: Melton (2005)
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In order to eliminate the waste, there are many tools and techniques can be used. 
Table 2.3 shows a sample of the tools and techniques used by a ‘lean thinker’ as their 
toolkit.
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Table 2.3: Sample of ‘lean thinker’ toolkits 
 
Tool  Description Typical Use 
Process flow mapping  
 
- A map showing each process step in the value 
stream 
 
- A data collection activity 
- Also used to analyze the VA (value add) and NVA 
(non value add) steps and as a tool for redesign 
Time-value mapping  
 
- A map of the time taken for each process step in the 
value stream 
 
- A data collection activity 
- Also used to analyze the VA and NVA steps and as a 
tool for redesign 
5 Why 
 
- Taiichi Ohno (Womack et al., 1990) had a practice 
of asking why five times whenever a problem was 
found. In this way the root cause was solved rather 
than the symptom. 
- As a part of the data analysis so that the root cause 
problem can be solved in the design phase 
5S - Five activities used to create a workplace suited for 
visual control and lean practices: 
† Seiri - separate required from unnecessary tools and 
remove the latter 
† Seiton - arrange tools for ease of use 
† Seiso - clean-up 
† Seiketsu - do the above regularly (maintain the 
system you’ve set up) 
- Can be used at the start of a lean induction to break 
down barriers and get a team to own their workspace 
- Often used during Kaizen as workplace layout and 
tidiness is often an issue which causes waste (unable to 
find the right equipment, use what’s there, lose key 
paperwork, and so on) 
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† Shitsuke - get into the habit of following the first 
four S’s 
Kaizen  
 
- An improvement activity to create more value and 
remove waste. Commonly called a breakthrough 
kaizen 
- Kaizen workshops are a common method to kick-off 
the start of a large step change within an area or value 
stream 
- Kaizen would actually start with data collection and 
continue to do some data analysis, design and even 
implementation 
Kanban  
 
 
- Japanese for ‘signboard’. This is a ‘visual’ shop 
floor pull system which means that each supplying 
work centre does not make anything until the next 
work centre requests supply 
- This is a design solution to materials flow problems 
within a process (examples within both manufacturing 
and lab situations have been seen) 
 
Source: Melton (2005)
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2.4 SMALL AND MEDIUM ENTERPRISES (SMEs) 
SMEs have played incredible role in manufacturing sector all over the world. In 
year 2007, Malaysia has 96% of establishments of SMEs which contributed 30.7% of 
total manufacturing output and 26.3% of total value added. This was stated in SME 
annual report 2007. In addition, more than 400,000or 315 of total Malaysian workforce 
were employed by SMEs. In Malaysia, an enterprise is considered an SME in each of 
the respective sectors based on the Annual Sales Turnover or Number of Full-Time 
Employees as shown in the Table 2.4. 
 
Table 2.4: Definition of SME based on the Annual Sales Turnover or Number of 
Full-Time Employees 
 Micro-enterprise Small enterprise Medium enterprise 
Manufacturing, 
Manufacturing- 
Related Services and 
Agro-based 
industries 
Sales turnover of less 
than RM250,000  
OR full time 
employees less than 5 
Sales turnover 
between RM250,000 
and less than  
RM10 million  
OR full time 
employees between 5 
and 50 
Sales turnover 
between RM10 
million and RM25 
million  
OR full time 
employees between 
51 and 150 
Services, Primary  
Agriculture and 
Information & 
Communication 
Technology (ICT) 
Sales turnover of less 
than RM200,000 OR 
full time employees  
less than 5 
Sales turnover 
between RM200,000 
and less than  
RM1 million  
OR full time 
employees between 5 
and 19 
Sales turnover 
between RM1 million 
and RM5 million  
OR full time 
employees between 
20 and 50 
Source: SMECorp (2011) 
 
  
 
 
 
